
05 January 199_

RESPONSE TO REGULATORY COMMENTS ON DRAFT SITE ASSESSMENT/EXTENDED SITE ASSESSMENT REPORT
FOR 18 POINTS OF INTEREST, NAVAL TRAINING CENTER, SAN DIEGO, CALIFORNIA N00247°000491

CTO-0122 NTC SAN DIEGO
SSIC # 5090.3

Comments from Martin l lausladen

Written on 15 August 1997

Mr. Martin I lausladcu
United Slates I"hwironmculal Protection Agency

Common! I : Sections 2.4. I and 2.4.2. it would be hclplid to provide a map Response i : Please refer to Figure 2-5, Northern NTC Cross Section, Ibr a

with topographic contours. This would help the reader undcrstand text view of the elevation changes across the base. This figure shows Ihe text
references (e.g., the "fiat area that may represent a natural terrace" and the references, including the "natural terrace."

reference to the topographic slope break).

Comment 2: Sections 3.5.1 and 3.5.2. Please specify the filter size and Response 2: All samples for metals analyses were filtered using a
method. 0.45-micronfilterthatwasplacedin-linewithtileperistalticpumpusedfor

the collection of the samples. These specifications will be given in
Sections 3.5.1 and 3.5.2.

Comment 3: Analytical tables in Section 4 only present concentrations above Response 3: For clarity the tables in Section 4 are presented showing only
detection limits, leaving many table fields blank, Non detect results (e.g., < 0.5 the analytical results reported above the detection limits. The complete
mg/kg) should also be included in the tables. Ira compound was not analyzed tables of all analytical results including those reported below the detection

lbr a particular sample this should be indicated with NA. limits are presented in Appendix H. If all results, including those below the
detection limits, were reported in the tables, they become difficult to read and

understand due to the increased size. As requested by the Regional Water
Quality Control Board (RWQCB) and agreed to by the Navy, Table 4-18
only will be revised to include nondetect results for those analytes with at
least one result reported above the detection limit.

Comment 4: At many sites arsenic was detected at concentrations exceeding Response 4: NTC is located on the western slope of the Point Loma

the project-specific threshold level. However, the report attributed the arsenic Peninsula. Part of the base is located on the in-place or slope deposits
to natural processes since the arsenic was generally detected within derived from the Bay Point Formation, a sequence of shallow marine,

"background" concentrations established in several other investigations. Please estuarine sediments. The lower (eastern) part of NTC is situated on dredged
provide a summary and discussion of these investigations and an analysis of material from San Diego Bay, hydraulically placed over the salt marsh and
their applicability to the NTC study area. A comparison of the geologic units salt fiat deposits in the old mouth of the San Diego Rivet.
used to establish tile background levels to geologic units in tile NTC study area
shouldbe included. TwootherNavy basesin the San Diegoareahave substantialportionsof their

land surface made up of fill hydraulically dredged from San Diego Bay -
Naval Air Station North Island, and Naval Station San Diego. Both of these

bases have had background studies performed lbr the hydraulic !ill material.
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RESPONSE TO REGULATORY COMMENTS ON DRAFT SITE ASSESSMENT/EXTENDED SITE ASSESSMENT REPORT
FOR 18 POINTS OF INTEREST, NAVAL TRAINING CENTER, SAN DIEGO, CAIJFORNIA

("l'()-Il122

Comments from Martin I iausladen

Comment 4 (continued) Response 4 (continued)

At the Naval Statio,i San Diego, 210 uncontaminated samples were
statistically analyzed, and the 95th percentile of the arsenic concentrations
was selected, in conjunction with regulatory agencies, as the background At

the Nawd Station San Diego, 210 uncontaminated samples were statistically
analyzed, and the 95th percentile of the arsenic concentrations was selected,
in conjunction with regulatory agencies, as the background threshold. This
threshold value was 9.05 mg/kg. (BNI 1996a)

At the Naval Air Station North Island, immediately across San Diego Bay
from NTC, 56 specifically selected "background samples" wcrc analyzcd for
arscnic and the data were statistically analyzed. The 99th percentile of the
arsenic concentrations was chosen, in conjunction with regulatory agencies,
as the background threshold. This threshold wdue was 5.62 mg/kg. (JIZG
1995)

A specific background study has not been performed for the various members
of the Bay Point Formation (i.e., fine-grained shaley layers and coarser
layers), but some data are available from studies at several sites on i'oint

Loma. In particular, a fine-grained sample from approximately 40 feet below

ground surface, with no contamination above it, exhibited 57 mg/kg of

arsenic. Coarser-grained samples from the same location, as expected, had
concentrations of arsenic generally less than i 0 mg/kg: (BNi 1996b)

US EPA opinio,ls are expressed in a 1992 "Issue Paper" titled "Options for
Addressing High Background Levels of Hazardous Substances at CERCI.A

Sites". Among others, they refer to a 1975 US Geological Survey stu'dy
designed to hclp with the issue of natural metals concentrations lbr various

regions of the United States (Conner and Shacklette 1975), and a Journal of
Environmental Quality article on Seleniuna, Fluorine and Arsenic (Shacklctte

et al. 1983). l.ooking at these references, the natural range of arsenic Ibr the
U.S. is suggested to be <0.2 to 97 mg/kg and the mean vah,e Ibr the western
U.S. is estimated at 6. I mg/kg.
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I{ESI)ONSE TO REGULATORY COMMENTS ON DRAFT SITE ASSESSMENT/EXTENDED SITE ASSESSMENT i_EI)OI{T
FOIl 18 POINTS OF INTEREST, NAVAL TRAINING CENTi:It, SAN DIEGO, CAI,IFOItNIA

C'f'()-0122

Comments from Martin ilausladen

Comment 4 (continued) Response 4 (continued)

The project-specific threshold level for arsenic in soil is 0.38 mg/kg, which is
the 1996 U.S. EPA Region IX PRG for residential land use. As discussed
above, naturally occurring arsenic levels in soils in the San Diego area would

be expected to exceed this extremely low value. For tile 18 POls investigated
in the SA/ESA, the arsenic concentrations reported in soils are well within
the expt:cted background arsenic levels found in the San Dicgo area.

References to the documents cited above are included as Attachment A.

Comment S; Sectim_ 4.4., pg. 4-10, paragraph I. The st:erred sentence is not lies[muse 5; Tht: text will be revised to state Ihill dctaitcd inlt_rl|lalion ilbotH
written clearly. Thc scntcnct: should state ht_w risk was cslimalt:d using Iht: Iht: prt_ccdl,rc._and Icsults art: iuchldt:d ill Appendix I.

detected concentralion and the PI{G.

Comment 6: Section 4.4, p. 4-1 I, paragraph 3. A tidal mixing factor of 30 is Response 6: All references to the tidal mixing factor will be removed from

overly optimistic because several invalid assumptions were used in the the Final Report. However, it should be noted that the tidal mixing factor and
methodology as presented in Appendix A. It is possible that tidal dilution the discussion regarding it was included in the SA/ESA Work Plan, which

within the aquifer can influence chemical concentrations prior to discharge to was reviewed and approved by the regulatory agencies. It is an essential part

marine water, but unlikely that the mixing factor would be as high as 30. A of any investigatory program to produce reports which are consistent with the
general discussion of the tidal mixing and how it could influence chemical procedures (especially DQOs) defined and agreed to in work plan documents.
concentrations and risk could be retained but references to specific mixing
factors should be deleted.

Comment 7: Section 4.8.6, p. 4-42, second bullet. The text states "that soil Response 7: The bullet will be reworded to state that the contaminants do
and groundwater are not contaminated with chemicals associated with not present an excess risk and the extent of the reported contamination is
machinery operations or maintenance," but low concentrations of several limited.
organic compounds that may be associated with the site were detected. It would
bt: IllOrc COll't:clIt) stale thai tile results of tilt: invt:stigation intlicatt: thill Ihe
co_llanlJnants dclected at lilt: site are at concenlralions Ihal do i1olpresent all
excess risk and that the extent of contamination is limited.

Comment 8: Section 4.9.1, p. 4-43, paragraph 2. The Building 160 Response 8: Building 160 was demolished in 1994. Figures 4-9 and 4-10

demolition date in the text does not match the demolition dates on Figures 4-9 will be revised to the appropriate date.
and 4-10. Please clarify whether demolition occurred in 1984 or 1994 and

revise either the text or the figures.
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RESi)ONSE 1"O i{EGULATORY COMMENTS ON DRAFT SITE ASSESSMENT/EXTENDED SITE ASSESSMENT REI'OI{T

FOR 18 POINTS OF INTEREST, NAVAL TRAINING CENTER, SAN DIEGO, CALIFORNIA
CTO-0122

Comments from Martin Hausladen

Comment 9: Section 4.10.2, p. 4-58, paragraph I. Please clarify the number Response 9: Sentence 4 in paragraph i will be revised to state: "According
of wells used for the SVE system, to a report by OHM .... 14 wells are being utilized Ibr the SVE system. Of

these 14 wells, 7 wells are located within Building 228, and 7 wells are
located on the northwest and northeast sides of the building."

Comment 10: Section 4.11.6, p. 4-81, first bullet. Please show IRP Site 2 Response 10: Figures 4-15 and 4-16 will be revised to show IRP Site 2, well
well MW-3 on Figures 4-15 and 4-16. MW-3.

Comlilellt I 1: Secti()ll 4.12.6, i). 4-88, second bullet. The project-specific Resi)(_nse ! I: The second bullet will be revised to read, "i:lased on tile
threshold level was incorrectly used as an indication of whether a release did or comparison of the soil and groundwater sample concentrations with project-
did not occur. Small releases or releases that have dissipated could result in the specific threshold levels, contaminants at POi 19 do not present an excess
detection of analytes at concentrations below the project-specific threshold risk, and the extent of the reported contamination is limited."
levels. Petroleum hydrocarbons are most likely not natural Please change this
bullet to indicate that the results of the investigation indicate that releases at the
site, if they occurred, resulted in minimal contamination.

Comment 12: Section 4.16.6, p. 4-128, second and third bullets. There is Response 12: The bullet will be reworded to state that although the

some evidence for small releases of contamination to soil and groundwater, contaminants are present, they do not present an excess risk, and the extent of
Toluene and TRP11 were detected in soil and the solvent trichlorofluoromethane the reported contamination is limited.
was detected in groundwater. Please revise these two bullets to indicate that
there is evidence for small releases.

Comment 13: Figure 4-31, p. 4-134. Two samples were collected at location Response 13: The results from the surface soil sample taken at P72-BI were
P72-BI. llowever, the results from only one sample are shown. Please include inadvertently omitted from the figure and will be added.
allanalytical result_ on this figure.

Comment 14: Figure 4-33, p. 4-139. The analytical results tbr P76-BI are Response 14: "l'l_epresentation of the groundwater resulls will be changed to
presented in a confitsing format. Two sets of results h)r xylenes and toluene are eliminate the apparent confiision.
presented Ibr soil samples even though duplicate soil samples were not
collected. Please change the presentation of the data to eliminate this
confusion.

Comment 15: Section 4.18.5, p. 4-140, last paragraph. Comparisons of Response 15: The sentences will be reworded to read, "Concentrations of

analyte concentrations to project-specific threshold were incorrectly used as an toluene and xylenes reported above detection limits in groundwater were

indication of whether a release occurred. Project-specific threshold levels are signilicantly below project-specific threshold levels and were also reported in
an indication ofrisk regardless of whether a release occurred Please correct the associated method blanks. Therefore, due to the absence orTPH reported
the statement, inbothsoilandgroundwaterandthe verylow concentrationsof xylenesand

toluene reported in groundwater, there is ..."
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RESPONSE TO REGULATORY COMMENTS ON DRAFT SITE ASSESSMENT/EXTENDED SITE ASSESSME'N'I" iI,E'|'C)I_,T
FOR 18 POINTS OF INTEREST, NAVAL TRAINING CENTER, SAN I'}IEGO, CAI,IFORNIA

CTO-II 122

Comments from Martin i lausladen

Comment !6: Section 4.19.5, p. 4-146, paragraph 3. The last sentence of the Response 16: The last sentence willbe rewritten to read,"However, these

?aragraph is poorly written. Threshold levels are incorrectly used as an metals are not typically associated with printing facility activities and are not
indication of releases and the sentence seems to imply that soil and groundwater reported above threshold levels in the soil. The soil and groundwater results
results can be ignored as an indication of a release because there is a "lack of indicate that activities conducted at Building I i have not resulted in a rele_,sc
other indications of a release." Please rewrite this sentence, to soil or groundwater at POI 85."

Comment 17: Section 4.22, Figure 4-40 and Tables 4-18 and 4-19. The Response 17: All groundwater samples collected for metals were filtered.
distinction between filtered and unfiltered sample results is central to the There are no unfiltered groundwater metals data from this investigation.

analysis of the groundwater data. Please clearly distinguish between filtered Figure 4-40, Tables 4-18 and 4-19 will be revised to clarify this fact.
and unfiltered sample results on these tables and figures; if unfiltered data is not
included, please provide this data so the reader can compare concentrations of
filtered and unfiltered metals.

Comment 18: Section 4.22.5, p. 4-176, paragraph 3. The text states that the Response 18: Hexavalent chromium was reporte d above the detection limit
detected concentration of hexavalent chromium exceeds the project-specific in one ofthe groundwater samples, but it was below the project-specific

threshold level in one sample; however, this sample could not be found on threshold level. The sentence has been revised to read, "Of the 14 samples
Table 4-18. Please claril_', collected (I 3 direct-push and I monitor!ng well), ah_minmn (5 samples),

copper (3 samples), and zinc (2 samples) exceeded .... "

Comment 19: Section 4.12.$, p. 4-179, paragraphs I and 2. Copper and Response 19: Comment noted.
zinc were used as historic antifouling additives to paint. Locations where
3ainting or sandblasting of marine equipment was done, where paint was stored,
or where spent sandblast abrasive or dredge were used as fill would likely have
elevated levels of copper and/or zinc. These contaminants would be detected in
groundwater from the impacted area and in downgradient monitor wells.

Comment 20: Appendix A, page A-13, Tidal Mixing Factor Equation. Response 20:

There are many asst,mptions implied in the tidal mixing method which are not a) For purposes of calculating the tidal flux to the aquifer, the aquifer llow
discussed. These assumptions should be stated so that applicability of these is assumed to be at a right angle to the marine-aquifer boundary which
asst, mptions to site-specific conditions can be evaluated. Some of these is assumed to be vertical. This assumption is valid even though it is aassumptions appear to invalidate the method used to calculate the tidal mixing
factors. The principal objections to the tidal mixing method are listed below: simplification of the actual boundary conditions. While the tidal llux is

reduced by the actual angle of the sloping marine-aquifer boundary (by
a) "l'l_emarine-aquifer boundary i_ assumed to be a vertical boundary. It the sin of alpha) the aquifer flux is proportionally reduced by the same

is more likely that the boundary will be a sloping boundary and not a angle; therefore, while the vertical marine-aquifer botmdary is a
vertical boundary. A sloping boundary condition would reduce the simplification, it is a valid assumption.
tidal flux to the aquifer.
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RESPONSE TO REGULATORY COMMENTS ON DRAFT SITE ASSESSMENT/EXTENDED SITE ASSESSMENT Itl'_i'()l{'i"
F()R 18 POINTS OF INTEREST, NAVAl, TRAINING CENTER, SAN DIEGO, CAI,IFORNIA

('TO-II 122

Comments from Martin i lau_iaden

b) The methodology used to calculate a specific tidal mixing factor b) Tidal flux of marine water into the freshwater aquifer occurs with the

assumes complete mixing of fresh groundwater and saline marine natural diurnal tidal changes. The tidal-mixing factor depends on the

water within the aquifer. This is highly unlikely due to the density characteristics of the tide and the hydraulic characteristics of the
differences between the relatively fresh groundwater and saline marine groundwater system. During the flood tide, the amount of influence
water, it is more likely that groundwater and marine water will not tidal flux has on the aquifer varies on a gradient based on the distance

mix than that complete mixing will occur; therefore, the calculated from the boundary interface. This gradient indicates mixing of marine
tidal mixing factors, if not invalid, are extremely optimistic, and freshwater, despite the differences in water density, with the

greatest degree of mixing taking place closest to the boundary. During
c) Tile method appears assumes almost instantaneous mixing at the the ebb tide, this mixed water is discharged to tile marine system.

aquifer boundary. The tidal flux is a function of the distance from the Therefore, over a complete tidal cycle, the average value is as calculated
marine/aquifer interface (x), where tire greater the distance (x), the regardless of tire degree of n|ixing. Also, since the water quality
h_wcr tile tidal l']ux value and lower the calculated tidal mixing factor, ol)jcctives used to determine compliance with the Ocean Plan or Ihc
The instamaueous mixing assumption seems t|||rcasonable. Enclosed Bays and Estuaries Plan are to be applied to 3-day or 30 day

averages, the average value, as calculated, is appropriate. The equations
presented in Appendix A, page A-13 were used to calculate this mixing
factor within the aquifer.

c) The method used to calculate the tidal mixing factor does not assume
almost instantaneous mixing at the aquifer boundary. As stated in

Comment 20, part b mixing is assumed to occur within the aquifer over
the period of a complete tidal cycle. Based on the calculation, a tidal

mixing factor of 30 is estimated to occur in the sediments during one
complete tidal cycle.

Comment 21: Appendix A, page A-|3, Tidal Mixing Factor Equation. The Response 21: See response to Comment 6.
tidal mixing factor does not appear to be necessary to recommend no further
action, so EPA recommends that all references to the lidal mixing factor be
deleted from the SA/I!SA.

Comment 22: Appendix G. "lhe original GPR records or traces referenced in Response 22: As noted on the cover page of Appendix F, the NORCAL
the last sentence ofthe first page of the NORCAL letter were not included in GPR records and traces (originally Appendix D) were not included in the
Appendix A of the geophysical letter report. SA/ESA report. The original GPR records and traces did not contribute to

the conclusions.
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I,tESPONSE TO REGULATORY COMM ENTS ON DRAFT SITE ASSESSMENT/EXTENDED SITE ASSESSMENT REPOI_T
FOR 18 POINTS OF INTEREST, NAVAL TRAINING CENTER, SAN DIEGO, CALIFORNIA

{:TO-II 122

Comments from Martin Ilausladen
f

Comment 23: Appendix G. The daily field reports (Appendix D) of the letter Response 23: Daily calibration was performed as indicated on the attached
report were not included, and the text does not include a discussion of NORCAL "Equipment Functional Checks" sheet (Attachment B).
calibration procedures or base-station procedures. Please discuss procedures Calibration records are contained in the survey electronic file and were not

used to set up and calibrate the magnetometer. Also discuss whether base included in the report. Daily reports and calibration records are available for
station readings were made, the frequency of those readings, and the location of review by advanced notice from the files at the NORCAL office.
the base station. Since only gradiometer measurements were made, base station
measurements for diurnal variation are unnecessary, but are often useful to
evaluate cultural interference.

Comment 24: Appendix G. The plates from two investigation reports were Response 24: The main report and supplemental report were combined to
mixed together and Plate 2 from the first investigation report was missing. It avoid duplication in the Draft SA/ESA. They will be included as separate
would be much easier to tmderst_nld the get_physic_d rcpor! if the second report reports in the Final SA/I'SA report, as rctltlestcd.
and associated Ilgurcs were together in one place and either preceded or
followed the first report.

Comment 25; Appendix H. Please provide an explanation of abbreviations Response 25; Explanations of the abbreviations and data qualifiers will be
and data qualifiers at the beginning of the analytical tables, included at the beginning of the Appendix H analytical tables in the Final

SA/ESA.
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RESPONSE TO REGULATORY COMMENTS ON DRAFT SITE ASSESSMENT/EXTENDED SITE ASSESSMENT REI'ORT
FOR 18 POINTS OF INTEREST, NAVAL TRAINING CENTER, SAN DIEGO, CAI,IFORNIA

CTO-0122

Comments from Aaron Yne

Written on 17 September 1997

Mr. Aaron Yue

Remedial Project Manager
California Environmental Protection Agency

Department of Toxic Substances Control

SPECIFIC COMMENTS

Comment I: page 4-10, second to last paragraph, Cancer Risks. Cancer Response i: The first sentence of the fourth paragraph will be reworded to
risk between I × 10.4 and 1 × 106 is considered to be within risk management state: "...one additional cancer risk in 1,000,000 to one additional cancer
decisions which must be justified by the assumed use of the property, and other risk in 10,000 (1 × 10"+to i × 10"4) is considered 'generally acceptable' after
exposure factors, it should not be categorized as "generally acceptable." a thorough review of numerous exposure factors; and less than .... "
Rationale for "No Further Action" based on potential exposure should be Section 4.5, Conclusions and Recommendations, discusses the criteria that

included lbr all POIs within this risk range, was reviewed for each POI where applicable, and incorporated in tile
"Further Action/No Further Action" recommendations.

Comment 2: page 4-10, last sentence of page. Typographical error, please Response 2: The "a" will be removed.
remove "a" before "present."

Comment 3: page 4-1 I, third paragraph, Tidal Mixing Factor. DTSC does Response 3: All references to the tidal mixing factor will be removed from

not agree with the use of Tidal Mixing Factor of 30 times the concentrations of the Final Report. llowever, it should be noted that the tidal mixing factor and
the Bay and Estuaries Plan. The issue was discussed and resolved during the the discussion regarding it was included in the SA/ESA Work Plan, which

BRAC Cleanup Team's review of the result for PO1 38 (Steam Tunnels). was reviewed and approved by the regulatory agencies, it is an essential part
DTSC will, however, defer the final decision on the appropriateness of the use of any investigatory program to produce reports which are consistent with the

of tidal mixing factors to the Regional Water Quality Control Board (RWQCB). procedures (especially DQOs) defined and agreed to inwork plan documents.

Comment 4: page 4-131, Section 4.17.3, first paragraph. Typographical Response 4: The typographical error will be corrected.
error on spelling of "Southeast."
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RESPONSE TO REGULATORY COMMENTS ON DRAFT SITE ASSESSMENT/EXTENDED SITE ASSESSMENT REPORT
FOR 18 POINTS OF INTEREST, NAVAL TRAINING CENTER, SAN DIEGO, CALIFORNIA

CTO-0122

Comments from Aaron Yue

Comment S: Appendix I, Table 1-2, Preliminary Remediation Goals Response 5: The PRGs listed as project-specific threshold levels (PSTLs) in
(PrGs). The PRG values cited in Table 1-2 are consistently one order of Table 4-I are correct and were those used in the risk assessment calculations.
magnitude greater than the EPA Region IX's published PRGs. Please verify the The risk calculations and risk numbers in Appendix I, "Fable I-2 have been
_roper PRG values and recalculate the risks for the POIs as part of the Screening checked and are correct. The PRGs in Table I-2 are indeed one order of
Risk Analysis. magnitude greater. This is due to a problem with Microsoft software when a

conversion is attempted between Excel and Word. During direct conversion
between Excel and Word, numbers that are in exponential notation are
increased by an order of magnitude. The calculations for the risk values were
performed by an independent program outside of Excel and were inserted
into the table after the conversion to Word. This software conversion

problem was recently discovered. Table 1-2 will be revised to include the
correct PRG values.

Comment 6: Summary of Conclusions and Recommendations. Since the Response 6: Comment Noted.
RWQCB has been designated as the lead agency for underground petroleum
storage tanks, DTSC will defer the final decision to agree or disagree with the
findings of POI 69, POI 18, and POl 58 to the RWQCB.

i- ........
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RESPONSE TO REGULATORY COMMENTS ON DRAFT SITE ASSESSMENT/EXTENDED SITE ASSESSMENT REPORT
FOR 18 POINTS OF INTEREST, NAVAL TRAINING CENTER, SAN DIEGO, CALIFORNIA

CTO-0122

Comments from John P. Anderson

Written on 16 October 1997

John P. Anderson

Senior Engineering Geologist, Site Mitigation and Cleanup Unit
California Regional Water Quality Control Board, San Diego Region

GENERAL COMMENTS

Comment I: As discussed in previous NTC site assessment meetings and in Response I: All references to the tidal mixing factor will be removed from
written comments, the RWQCB does not concur with assumptions made in the the Final Report. However, it should be noted that the tidal mixing factor and

"Tidal Mixing Factor" equation or its application to these sites. The Final the discussion regarding it was included in the SA/ESA Work Plan, which
SAIESA should remove any reference to the "Tidal Mixing Factor" and its use was reviewed and approved by the regulatory agencies. It is an essential part
as a project-specific threshold level (PSTL) criteria. As you may know, the of any investigatory program to produce reports which are consistent with the
RWQCB has established guidance tot petroleum impacted sites in a guidance procedures (especially DQOs) defined and agreed to in work plan documents.
memorandum entitled "Interim Guidance on Required Cleanup at Low-Risk
Fuel Contaminated Sites" dated April I, 1996, revised February 29, 1996 [sic].
in the future please refer to this guidance in developing PSTL at petroleum
impacted sites.

SPECIFIC COMMENTS

Comment I: Page 4-4, Table 4-1, Project-Specific Threshold Level. Response I: According to the California Enclosed Bays and Estuaries Plan,

"Chromium, total" groundwater Water Quality Criteria number should indicate the value for hexavalent chromium for aquatic life may be used as an option
"50 ppb," same as hexavalent chromium. Reference: Saltwater Aquatic Life for total chromium at the "discharger's" discretion. Chromium was
Protection 4-Day Average, California EB&E Plan. Make change on all speeiated; thus the more stringent hexavalent chromium value for total
appropriateTables. chromiumdidnothaveto be used. Therefore,sincechromiumwas

speciated, no value for aquatic life exists for total chromium.

Comment 2: Page 4-9, Section 4.4, Threshold Levels and Risk Evaluation. Response 2: The first sentence ofthe fourth paragraph will be changed to,
Delete "local agencies" from reference of regulatory agencies with jurisdiction "Project-specific threshold levels have been developed for TPH and TRPI! in
for regulation of petroleum hydrocarbon sites at NTC. The San Diego RWQCB soil and groundwater consistent with previous POI investigations at NTC, as
maintains the lead on petroleum hydrocarbon sites at NTC. well as with the County of San Diego SAM Division guidelines (SAM

1996)."

Commenl 3: Page 4-1 i, Section 4.4, Threshold Levels and Risk Evaluation. Response 3: See Response to General Comment i.
The San Diego RWQCB does not concur with the use of a "Tidal Mixing
Factor" lbr use in developing project-specific threshold levels.

i .ii r r...... ,'
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RESPONSE TO REGULATORY COMMENTS ON DRAFT SITE ASSESSMENT/EXTENDED SITE ASSESSMENT REPOi{T
FOR 18 POINTS OF INTEREST, NAVAL TRAINING CENTER, SAN DIEGO, CAI.IFORNIA

CTO-0122

Comments from John P. Anderson

Comment 4: Page 4-54, Section 4.9.6, PO! 15169. Provide an estimate of the Response 4: An estimate of the volume of residual soil contamination left in
vohune of residual soil contamination left in situ and supporting data, drawings, situ has been made and is presented in the table at the end of this response.

etc. Include range and average concentration of TPH (specify carbon range), This table summarizes soil contamination for POls 15/69, 26, and 58.
and BTEX data. Hydrocarbon contamination is related to two clusters of former underground

fuel tanks. Tile tank locations on Figure 4-10 are scaled from small-scale

maps and should be considered approximate locations. Attempts at using
geophysics to identify the backfilled tank pits were unsuccessfid due to
disturbances caused by subsequent construction, Sampling has concentrated
on an area downgradient from the actual tank locations, which have been
largely covered by a building. Refer to Figures 4-10 and 4-11 for sampling
locations iilld IC:_llllS.

Two lank locations at former Building 160 contained a maximum of
34.8 mg/kg TPI I in an isolated sample (P 15-B2), and will not be included in
the volume estimate.

TPH was found in soil from two of four boreholes drilled downgradient from

the former tank cluster trader Building 195. Boring P69-B3 had a strong libel

odor over a 3-foot interval (13-16 feet). One of the three soil samples
collected from this boring (14.9-15.5 feet) contained the maximum

hydrocarbon concentration of 81,600 mg/kg at Cs-CiT. The other two soil
samples, 0.5 feet above and 1.5 feet below this interval, had no detectable
hydrocarbons. Borings offset 22 to 25 feet laterally had no more than

6.8 mg/kg in a zone of stained soil at the water table. This indicates a highly
localized body of contaminated soil, possibly the floor of the tank pit itself.
Benzene was not detected. Ethylbenzene was found at 17 mg/kg. Total
xylcnes were I'tmud at 53 Ing/kg.

The vohnnc of contaminated soil at POI 69 is estimated generously at twice
the length and width of the nearest 550-gallon tank pit, or 30 by 20 feet, and
3 feet deep. This results in a volume of 67 cubic yards. Applying the

average concentration of 40,800 mg/kg results in an estimate of 1,750 gallons
of hydrocarbon, which vastly overestimates the volume. Applying a more
realistic concentration of 5,000 mg/kg results in a estimated hydrocarbon
mass of 2 i 5 gallons.
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RESPONSE I"O REGULATORY COMMENTS ON DRAFT SITE ASSESSMENT/EXTENDED SITE ASSESSMENT I_EPOI_T
FOR 18 POINTS OF INTEREST, NAVAL TRAINING CENTER, SAN DIEGO, CALIFORNIA

CTO-0122

Commentsfrom John P. Anderson

4 (continued): Response 4 (continued):

Summary of Soil Contamination

POI 15169 POI 26 POI 58

Soil Volume (cubic yards) 67 I0 185
Average Concentration (mg/kg) 5,000 13,000 32
Carhon Range C,-C 17 C _,-(",; C i_-C+,,
Maximum Cot|cenlration (mg/kg) 81,600 13,0(10 72.9
B'rEX Concentration (mg/kg) EB 17 ND EB i.1

X53 X2.17

i lydrocarbon Volume 215 gallons 80 gallons 4 gallons

Comment 5: Page 4-75, Section 4.11.4, POI 18, third paragraph. Correct Response 5: The references to the Appendices will be corrected.
Appendix C reference to Appendix D, and in the fourth paragraph correct
Appendix F reference to Appendix H.

Comment 6: Page 4-75, Section 4.11.5, POI 18. Indicate when constituents of Response 6: As stated in Section 4.4. "For analytes with reported laboratory
concern with detection limits greater than the project-specific threshold levels detection limits that are higher than thecriterion, the detection limit has been

are measured in groundwater (i.e., copper), used as the project-specific threshold level (refer to bolded values on
Table 4-1). A summary of the project-specific threshold levels used to
evaluate the SA/ESA data is provided in Table 4- I ."

Comment 7: Page 4-89, Section 4.13.1, POI 26. Indicate distance site is Response 7: POI 26 is approximately 200 feet from the edge of the boat
located from Boat Channel (San Diego Bay). channel. This distance will be included in the Site Description.

Comment 8: Page 4-92, Section 4.13.6, POI 26. Provide an estimate of the Response 8: An estimate of the volume of residual soil contamination left in
vohnne of residual _oil contamination left in sit, and st,pporting data, drawings, situ has been made. Refer to the table presented at the end of Response 4.

etc. Include range and average concentration oF'FRPI I, "FPII (specify carbon Contamination remaining in the ground is adjacent to a vehicle lift. Borings
range), and BTEX data. 10 feet and 16 feet away from the lift (P26-Bi and P26-B2) contained no

visible staining or detectable hydrocarbon contamination. Refer to

Figures 4-21 and 4-22 for sampling locations and results.

Contamination was identified as petroleum hydrocarbons, other than gas or
diesel. An appropriate carbon range would be Cis-C_o. Aromatic
hydrocarbons were analyzed for by U.S. EPA Method 8020, but were not

detected. Boring log and analytical data indicate continuous samples from

04128198 8 03 AM gq IAword p-l_'eports_cto122_saosaVespcorn doe page 12
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|IESI'ONSE TO REGULATORY COMMENTS ON DRAFT SITE ASSESSMENTEXTENDED SITE ASSESSMENT ilEPOIIT
FOR 18 POINTS OF INTEREST, NAVAL TRAINING CENTER, SAN DIEGO, CAIJFORNIA

CTO-0122

Comments front John P. Anderson

Comment 8 (continued): Response 8 (continued):

5.7 to 6.7 feet bgs average 62 mg/kgof TPH. This interval is not significant
and is not included in the estimated volume of contaminated soil. A sample

collected from 7.0 to 7.5 contained 13,000 mg/kgof TPti. No deeper
samples were collected, but there is a clayey silt reported at a depth of
8.3 feet bgs.

Assuming a radius of influence of 8 feet, half the distance to the farther
boring, and a thickness of 1.3 feet (the distance from the top of the sample to
the lower bounding clayey sand), there would be 10 cubic yards of
contaminated soil with a concentrationof 13,000 mglkg TPI I, or 80 gallons
of hydrocarbon with a carbon rangeofC18-C4o.

Comment 9: Page 4-119, Section 4.15.6, POI 58. Same comment as POI 26. Response 9: An estimate of the volume of residual soil contamination left in

situ has been made. Refer to the table presented at the end of Response 4.

Hydrocarbon in soil contamination is related to a former underground storage
tank. Historical maps identify the tank as a gasoline tank, but analytical data

indicate carbon ranges of C7-C4o, with higher concentrations in the Ct2-C.ao
range. Refer to Figures 4-26 and 4-27 for sampling locations and results.

All samples with concentrations of hydrocarbons reported above detection
limits were collected within the stained and odorous zone located
approximately at the water table. A reasonable estimate of the affected area

is a triangle with a base of 50 feet and a height of 80 feet. This results in a

185 cubic yards volume of contaminated soil. Three of five soil borings
(P58-Bi, P58-B2, and P58-B4) reported an arithmetic average of 32 mg/kg
of TPH with a carbon range ofC7-C4o. This indicates a volume of 4 gallons
of hydrocarbon. Boring P58-B2 had the highest hydrocarbon concentration
at 72.9 mg/kg in the C_4-C4orange. Benzene was not detected in soil.

Ethylbenzene was reported at i.I mg/kg. Total xylene was reported at
2.17 mg/kg.
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RESPONSE TO REGULATORY COMMENTS ON DRAFT SITE ASSESSMENT/EXTENDED SITE ASSESSMENT I{EPOI{T
FOR 18 POINTS OF INTEREST, NAVAL TRAINING CENTER, SAN DIEGO, CAI,IFORNIA

CTO-tII22

Comments from Aaron Yue

Written on 26 December 1997

Received by facsimile on 05 January 1998

Mr. Aaron Yue

RPM, California Environmental Protection Agency

Department of Toxic Substances Control

COMMENTS

Comment !: Section 4, Conclusions and Recommendations. A general Response 1: As agreed at the 27 January meeting with Corey Walsh from
statement is made as a rationale for several POIs that "Arsenic ... appears to be the RWQCB and Martin Hausladen from the U.S. EPA, an appendix
naturally occurring at NTC and other Navy bases in the San Diego area ..." discussing levels of arsenic in soils reported from various studies in southern
The background concentrations of Arsenic and other naturally occurring metals California and the U.S. will be included and referenced in the final SA/ESA
at NTC have not been substantiated by the Navy through background studies; report. This draft appendix is included as Attachment I.

therelbre, the use of this rational as a conclusion lbr No I.'urther Action is not Note: The draft appendix has been finalized as Appendix M in the fin,l
acceptable. For most POls, the deletion of this rationale from the conclusion SA/ESA Reportjbr l'OIs.
will not change the appropriateness of"No Further Action" because of the
result of the residential risk screening evaluation, it is recommended that
references to "naturally occurring" metals be removed from the conclusions of

this report for all POIs.

Comment 2: Section 4, Conclusions and Recommendations. For each bullet Response 2: The conclusions for each POI that discusses soil risk screening
that discusses soil risk screenlhg results, please specify if the conclusion is results will be revised to specify whether the conclusion is based on

based on carcinogenic or non-carcinogenic risks. For example, the conclusion carcinogenic or noncarcinogenic risk.
for POI 19, the third bullet should indicate that the result of total carcinogenic
risk is between 10-4and 10.6.

Comment 3: Section 4, Conclusions and Recommendations. The State Response 3: The statement will be removed. As agreed in the 27 January
disagrees with the hypothesis of page 4-179, paragraph 2 as a rationale for the meeting, because the Northeast Area Groundwater is not a I'OI, the three
high metal conceutrations in the Northeast groundwater study. The Navy POls associated with this area (POIs 7, 20, and 26) will be recolumcndcd lot
suggested lhat the "water in the Boat Channel may be contributing to the higher NFA and the general issue of groundwater quality at NTC will be addressed
metals in groundwater (near the boat channel)." It is unlikely that the water in further under a different study. This will be clearly stated in the final
the Boat Channel can be causing the high concentration of metals detected in SA/ESA report.
the groundwater in light of the variability found throughout NTC. If this is the

Navy's theorY, it should be justified by citing surface water metal
concentrations from the Boat Channel. Current groundwater gradients indicate
that the groundwater, in general, is flowing toward the Boat Channel. Please

delete this paragraph.
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CLEAN II
CTO 012210148
Date: 04129/98

Appendix M . ....

NATURAL LEVELS OF ARSENIC IN SOILS AT NAVAL
TRAINING CENTER SAN DIEGO

The Site Assessment/Extended Site Assessment (SA/ESA) for 18 points of interest (POIs) at the
Naval Training Center (NTC) San Diego examined risks associated v_ith the chemicals of
potential concern identified at the sites. Arsenic was reported above the project-specific
threshold level (1.0 milligram per kilogram [mg/kg]) in the majority of soil samples collected
from the POIs where soils were analyzed for arsenic. These arsenic levels are similar, however,
to naturally occurring levels of arsenic found at other Navy bases in the San Diego area and in
the southern California region. This appendix provides an overview of various background
studies and their relevance to arsenic levels at NTC.

The former NTC San Diego is located on the eastern slope of the Point Loma Peninsula. The
lower (eastern) part of NTC is situated on dredged material from San Diego Bay, hydraulically
placed over the salt marsh and salt fiat deposits in the old mouth of the San Diego River. Part of
the base is located on the in-place or slope deposits derived from the Bay Point Formation, a
sequence of shallow marine, estuarine sediments.

In addition to these two principal types of NTC soils, there are various places on NTC where
conventionally placed fill soils were imported for construction purposes. These conventional fill
deposits are usually shallow, surface grading applications and do not constitute a major fraction
ofthebasesoils..... J

M1 HYDRAULICFILLBACKGROUNDARSENICLEVELS

Two other Navy bases in the San Diego area have substantial portions of their land
surface made up of fill hydraulically dredged from San Diego Bay: Naval Air Station
(NAS) North Island. and Naval Station, San Diego. Both of these bases have had
background studies performed for the hydraulic fill material found in those areas. The
attached table (Table 3-3 from BNI 1996a) is a summary, of background concentrations of
metals in soils, as calculated for NAS North Island, Naval Station. and other bases in
southern California.

To develop the background level for arsenic at Naval Station. San Diego, 210
uncontaminated samples were statistically analyzed, and the 95th percentile of the arsenic
concentrations was selected, with regulatory agencies concurrence, as the background
threshold. This threshold value was 9.05 mg/kg (BNI 1996a).

To develop the background level for arsenic at NAS North Island. immediately across
San Diego Bay from NTC. 56 specifically selected "back_ound samples" were
statistically analyzed for arsenic, and the 99th percentile of the arsenic concentrations was
chosen, with regulatory, agencies concurrence, as the background threshold. This
threshold value was 5.62 m_kg (JEG 1995a).

AppendixM, RegulatoryComments/Responses- FinalSA/ESAReport,NTCSanDiego pageM-1
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"_'_ AppendixM NaturalLevelsof Arsenicin Soilsat NavalTrainingCenterSanDiego

M2 BAY POINT FORMATION ARSENIC LEVELS

A specific background study has not been performed for the various layers of the Bay
Point Formation (i.e., fine-grained shaley layers and coarser layers), but some data are
available from studies at several sites on Point Loma. In particular, a fine-grained sample
from approximately 46 feet below ground surface, which was within native soils and not
associated with waste materials at the site, was reported at a concentration of 57 mg/kg of
arsenic. Coarser-grained samples from the same location, as expected, had reported
concentrations of arsenic generally less than 10 mg/kg (BNI 1996b).

For general information and comparison, a background study at Vandenberg Air Force
Base on the coast in Santa Barbara County was examined. The "bedrock" at Vandenberg
Air Force Base is the Monterey Formation, a sequence of Cretaceous marine sandstones,
shales and conglomerates (JEG 1995b; CDMG 1977). The Geologic Map of California
(CDMG 1977), depicts the Bay Point Formation also as a sequence of Cretaceous
sandstones, shales and conglomerates, suggesting a similar origin and possibly chemical
makeup. The background study at Vandenberg Air Force Base looked at three
geomorphic areas and three soil types in each area as shown in the attached Figures ES-1
and ES-2 of the study (JEG 1995b). The threshold values for arsenic, as shown in
attached Table 3-1 of the study (JEG 1995b), did not depend on the geomorphic area, but

_ only on surface versus subsurface, and geologic unit. The table shows that the bedrock
(similar to the Bay Point Formation) has an arsenic threshold of 38.4 mg/kg.

M3 ADDITIONAL GENERAL ARSENIC BACKGROUND
CONSIDERATIONS

Several state and federal agencies have looked at the concentrations of arsenic that might
be found naturally in California soils. Studies have been conducted by the following
agencies:

• Kearny Foundation, University ofCalifornia/Cal-EPA, DTSC;

• U.S. Geological Survey(USGS); and

• U.S. Environmental Protection Agency.

The Kearny Foundation study (KF 1996) determined background concentrations of 46
trace and major elements in "50 benchmark soils selected from throughout the state."
The first two pages of Table 2 from that study are attached to show the arsenic values
from the 50 samples plus the average, mean, and range of the values. Arsenic has a
geometric mean of 2.8 mg/kg for the 50 samples, and the maximum concentration was
11.0 mg/kg. The sample with the maximum concentration of 11.0 mg/kg was a fine-
grained, clayey loam soil sample that is similar to a soil likely derived from the Bay Point
Formation.

pageM-2 AppendixM, RegulatoryComments/Responses- FinalSA/ESAReport,NTCSanDiego
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The USGS and its staff has produced the following published works on background

concentrations of metals. Averages and ranges of concentrations are presented for the

entire United States and specific regions:

• USGS Professional Paper 574-F (Shacklette and Conner 1975),

• USGS Professional Paper 1270 (Shacklette and Boerngen 1984),

• Shacklette et al., in the Journal of Environmental Quality, Vol. 12, No. 1

(1983).

U.S. EPA opinions are expressed in a 1992 "Issue Paper" titled "Options for Addressing

High Background Levels of Hazardous Substances at CERCLA Sites." The principal
recommendations include reviewing published information on natural ranges of metals in

soils. Among others, they refer to the 1975 USGS study designed to help with the issue

of natural metals concentrations for various regions of the United States (Conner and

Shacklette 1975); and the Journal of Environmental Quality article on Selenium, Fluorine

and Arsenic (Shacklette et al. 1983), both discussed above.

Therefore, aider reviewing all of the previous referenced studies, the natural range of

arsenic is suggested to be:

• from a mean value estimated at 6. I mg/kg up to 97 mg/kg in the western U.S.,
based on USGS studies:

• up to I 1 mg/kg in California (San Diego sample), based on the Kearny
Foundation study; and

• up to 57 mg/kg in the San Diego area, based on the Point Loma study
(BNI 1996b).

M4 CONCLUSIONS FOR THE 18 POIS AT FORMER NTC

Eighteen POls were investigated during the SA/ESA. Soil samples were collected and

analyzed for arsenic at 6 of the 18 POIs investigated (POI 14, 18, 19, 71, 85, and 87). The

following are observations from this investigation.

• The U.S. EPA Region IX preliminary remediation goal (PRG) for arsenic under
residential land use scenario is 0.38 mg/kg.

• The project-specific arsenic threshold level for the SA/ESA is 1.0 mg/kg.

• Out of a total of 3 7 soil samples obtained from the six POIs where soil samples

were analyzed for arsenic:

- all soil samples had reported concentrations above the PRG of 0.38 mg/kg;

- ten soil samples had reported concentrations of arsenic below the project-

specific threshold level of 1.0 mg/kg; and

- the remaining 27 soil samples had reported concentrations of arsenic

ranging from 1.0 mg/kg to17.4 mg/kg. _-_....

AppendixM. Regulatory Comments/Responses - Final SNESA Report, NTC San Diego page M-3
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This range of reported arsenic concentrations (1.0 to 17.4 mg/kg) is consistent with the
range of arsenic found in the various studies discussed above. Therefore, the arsenic
levels reported at the former NTC are indicative of naturally occurring arsenic and not of
an arsenic release.
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Table 3-3

- Summary of Background Concentrations of Metals in Soils

Base Salton Sea Test Base Marine Corps Air Ground Naval Air Station Long Beach Naval Shipyard Naval Station Naval Air Station Naval Weapons Marine Corps Air Station Industrial Preliminary
Combat Center El Centro San Diego North Island Station Seal Beach Tnstin Remediation Goals

Source Background Table 3-1 1995 IBackground Report 10/94 Background Letter [_95 Appendix B Table B-_ BNT 8/96 Background Table Table 2-1 ULBV Pr_entation Oct. 1I, 1995 U.S. EPA', Region IX
5111/95 6/95 " 2 May 1996 2nd Half 1995

Statistical UTL* (_s) 99%, trimmed 95% UTL (_s) = 95th quantile 99%, w/o outiiers 99th Percentile UTL (_,_
Methodology

units mg/kgb _ mg/kg mg/kg meAg me/kg mg/kg meAg me/kg
i i ii

[AI-minum 13,000 22,814.23 36,271 24,400.49

Antimony 7.21 15.8 9.66 14.17 Bm.owDmXCnosuMrr 680

Arsenic 15.8 8.24 6.3 12 9.05 5.62 15.38 12.42 2.4

Barium 302 93.1 234.59 202.5 226.54 100,000

Beryllium 2.64 1.35 1.1 1.25 3.55 2.02 2.11 em.owDzrm'rtc_taarr 1.10

CadmiLuaa 0.55 1.21 4.6 1.66 2.22 r 2.22 Bm_owDzrm'n_ uvn'r 850

Calcium 49,800 52,205.42

Total chromium 24.4 14.7 17 50 4333 26.91 46.24 37.23 450

Chromium WI r_or AFFLICA.BLE NOT AFFL.IC&IM._ NOT _/..E NOT _LE BELOW DL_I'EETI'ICN LIMIT NOT A.PPI.,I_,JkBLE

Cobalt 12 7.76 25 6.40 11.05 97,000

Copper 28.3 15.7 25 639.94 t88.85 36.96 39.04 37.63 63,000

Cyanide nor Armae_ 0.58 8,500

iron 17,700 17,574.42

Lead 16.9 12.5 17 233_58 94.03 405.11 35.7 2230 1,000

Nlagnesium 5,820 4,573.47

Manganese 236 397.60 368.70 1,103. 7,800

Mercury sorroz'rzcr 0.27 1.61 0.42 0.30 sstow Dzrm'n_ taMrr 510

Molybdenum 3.4 r_oTAn'tZCa_ 2.33 ,_OW DzrzcnoNu_r 8,500

Nickel 23.7 12.5 20 33.22 9.84 f 32.49 21.84 34,000

Potassium 3,710 4648.1

Selenium 1.06 1.55 1.87 2.4 0.44 B_3WDETECTIONLIMIT 8,500

Silver 0.57 2.68 0.6 1.51 0.50 Bm.owDzrr.cnos t_,trr 8,500

Sodium 4,040 541.84

Thallium ._om)mxcr 0.99 4.68 11.11 . 0.46 BELOw DErEUUON LIMIT 140

Tin NOT_PLZC_ 23.33 ....

Titanium NOTAPPUC-_LE 968.44

Vanadium 44.6 48.6 50.26 33.21 85.95 69.64 I2,000

Zinc 80.1 41.5 70 693.94 146.11f 177.17 102.01 100,000

Notes:
* UTL- upper tolerance limit
b mg/kg - milligramsper kilogram

\, = BNI- Bechtel National, Inc.
= UCL- upper confidence level
e U.S. EPA - United States Environmental Protection Agency
f California-Modified preliminary remediation goal
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Table 2

Total Concentrations ol Elements In Benchmark Soils

Soil Ag AI As B Ba Be BI Ca Cd Ce Co Cr
No. m_<g o/= ......................................................m_Kg..........................................................................
1 0.21 0.3 11.0 23 738 2.1o o.eo. 7360 0.11 305 8.8 36
2 0.37 8.1 0,3 17 654 1,20 0.38 5680 0,16 138 15.0 47
3 0.27 9.9 8.0 45 764 1.90 0.42 6948 0.44 121 24.1 110
4 0.37 9.7 3,9 16 659 1.90 0.25 6758 0.25 177 34.8 | 15
5 0.22 7.1 3.9 7 438 1.90 0.27 3782 0.95 217 388 242
6 0.22 tt.6 1.2 1 260 I.tO 0 24 6795 0.19 94 13 i 45
7 0.12 6.3 1,2 2 533 0.80 0 21 25090 0.16 292 G9 35
6 0.28 7.6 4.2 74 526 1.25 0.39 22035 0.52 213 93 42
9 0.41 6.6 0,8 5 379 0.64 0.37 9587 0.05 161 4.3 26
10 0.80 6.3 1,1 !3 517 1.38 0.29 17967 0.40 141 7.1 89
I1 0.52 9.0 1.2 4 472 1.51 0.33 11081 0,31 184 7.6 27
|2 4.30 8.3 0.6 I0 250 0.60 0.24 24524 0,13 122 15.8 29
13 Q.40 9.5 2.1 2 625 |.53 0.20 8592 0.36 208 10.8 26

14 3.30 0.7 6.9 34 358 1.43 0.34 16494 0.36 167 22.7 108
15 0,48 7.6 1.2 19 258 1.45 0.19 16658 0.56 85 18.3 107

16 0.42 6.8 5,7 27 375 1.70 0.39 2903 0.15 133 29.9 214
17 2.60 8.0 9.6 26 796 0.93 0.37 6488 0.20 173 15.9 73

18 0.16 6.4 5.2 36 371 1.48 0.45 36400 0.58 189 |1.3 40
19 0.37 6.7 4.7 44 392 2.26 0.52 45577 0.43 216 10.0 52
20 0.43 5.9 5.4 33 385 1.76 0.41 41649 0.62 188 8.3 45
21 0.55 6.1 1,8 20 1400 1.14 0.34 15295 0.30 140 I0.1 OG_
22 0.34 6.8 4,Q 19 556 0.77 0.25 8243 1.70 I 15 8. I 50
23 8.30 6.9 4.4 19 677 0.83 0.31 20015 |.00 147 11.9 129
24 0.49 9.9 1.4 4 403 1.78 0.29 17812 1,10 154 26.6 92

26 022 lo.8 1.4 3 _5 1.17 o.3a 9400oos 127 145 sl
27 0.44 8.8 4.s _ 7_0 2.70 o._s 4_59 0., 240 ,42 1o_
2_ 0.2B s.a 1.0 5 576 0._ 0.60 15o_40.3,- 214 tl.o. o,
29 o.42 8o 8.3 ,6 ,3, 1.8, o39 _' o.31 153 2o4 ,_,



/Y

Soil Ag AI AS B Ba Be BI Ca Cd Ce Co Cr
No. mg/Kg % ................................................. mg/Kg............................................................................

30 0.16 7.1 3,2 16 461 1.49 0,39 2451 0,13 107 12.9 70
31 3.80 7.7 6.8 30 440 1.47 0.30 2495 0.16 141 26.0 190
32 0.39 7.8 6.7 44 493 1.75 0,52 24853 0.14 234 8.7 30

33 0.27 8.3 3.0 26 552 1.45 0,58 11610 0.14 173 11.6 60
34 0.40 8.4 2.1 20 684 1.51 0.37 16160 0.05 158 16.0 68
35 0.12 6.9 3.8 11 571 1.10 0.39 16311 0.05 243 8.7 23
36 0.16 4.0 2.4 9 710 1.91 0.38 11229 0,14 239 8.0 47
37 2.50 10.4 1.7 17 221 0.86 0.64 29095 0,45 114 18.8 36
38 0,22 6.9 1.0 5 730 1.13 0.14 7653 0.05 155 7.9 49
39 0.63 5.0 2.1 8 158 0.92 0.25 2762 0.30 68 12.0 221
40 0.60 3.0 2.4 5 133 0.25 0.23 3422 0.11 83 00 102
41 0.13 7.0 1.4 6 531 0.50 0.29 14362 0.26 122 9.6 47
42 0.35 8.0 1.8 9 540 1.25 0.28 14131 0.24 167 100 50
43 0.16 5.2 1,4 7 571 1.42 0.35 3763 0.39 162 I].4 121
44 0.63 5.3 1.9 15 767 1.28 0.25 2570 0.10 148 9.2 129
45 0.22 4.9 1.1 9 565 0.68 0.11 6600 0.71 113 .2.7 67
46 0.53 7.5 4.5 23 511 1.30 0.33 6076 0.21 114 22.1 397
47 0.58 7.5 3.0 22 361 1.03 0.20 10770 0.18 | 17 26.1 271
48 0.10 7.5 6.0 49 522 1.23 0.44 12531 0.18 139 17.8 147

49 0.20 3.5 4.7 25 324 0.25 0.34 24175 0.73 78 0.8 49
50 0.35 4.4 2.2 18 320 1.18 0.25 26824 0.58 121 4.3 29

AVG 0.80 7.3 3,5 19 509 1.28 0.35 14466 0.36 t 59 14.9 122
GEOM.

MEAN 0.41 7.1 2.6 14 466 1.14 0.33 10049 0.26 151 12.6 76
MAX 8.30 10.6 | 1.0 74 1400 2.70 0.80 45577 1.70 305 46.9 1579
MIN 0.10 3.0 0.6 1 133 0.25 0.11 2451 0.05 70 2.7 23

RANGE 8.20 7.6 10.4 73 i 267 2.45 0.69 43126 1.65 227 44.2 1556

EsI.D.Lim.1 0.015 0.00| 0.2 2 1 0.5 0.1 25 0.10 0.15 2.5 I

IEst.D.Lim.denotesIheeetlmaleddetectionflmiIoreachelement.Inthistable,coneenlretlon=lassthantheEeI.D.LIm.erereportedasone-halfoftheEst.D.Lim.
Descr_l_veslatlstk_atecalculatedaccordingly.


